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(67)  The invention relates to a method for determin-
ing the location (P) of a vehicle (3), comprising:
mounting a base station (5) of a cellular mobile phone
network and a core network (6) of the mobile phone net-
work onto the vehicle (3),

mounting at least two mobile stations (8;) stationarily at
a predetermined distance (s) from each other which is
less than a half, preferably less than a fourth, of a com-
munication range (R) of the base station (5),

wherein for each mobile station (8,) a measure of

METHOD AND SYSTEM FOR DETERMINING THE LOCATION OF A VEHICLE IN A CELLULAR

time-of-flight (TA;) of a wireless communication (C;) with
the base station (5) is determined,
wherein the location (P) is determined based on said
measures (TA,;) and the locations of mounting (P;), and
wherein the location (P) is communicated via the core
network (6) to a first application (2) and/or via one of the
mobile stations (8;) and an intermediate network (NET)
to a second application (4).

The invention further relates to a system (1) for de-
termining the location (P) of the vehicle (3).
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Description

[0001] The present invention relates to a method and
a system for determining the location of a vehicle, in par-
ticular a train on a track, within a cellular mobile phone
network.

[0002] In traditional cellular networks such as 3G and
4G networks according to the 3GPP (3'd Generation Part-
nership Program) standard different techniques have
been devised to locate a moving object in the network.
Conventionally, the moving object, e.g., a vehicle, is
equipped with a mobile station ("user equipment") which
calculates its position by measuring the time-of-flight of
downlink communications received from different base
stations in the vicinity, each base station serving a cell
of the cellular network. For example, the "Timing Ad-
vance" (TA) parameter defined in 2G, 3G, 4G and 5G
cellular networks is a measure of the time-of-flight of a
wireless communication between a mobile station and
its serving base station and is available at the base station
and the mobile station (2G, 4G, 5G) or only at the base
station (3G). The timing advance is the round trip time
(RTT) from mobile station to base station and back. From
the known equivalency of distance (d) = speed of light
(c) * time-of-flight (TA/2), the distances of a mobile station
to its nearby base stations can be determined. From at
least three such distance measurements to geographi-
cally dispersed base stations the location of the mobile
station in two coordinates (latitude and longitude) can be
determined. By increasing the number of base stations
to which time-of-flight and hence distance measure-
ments can be made the accuracy of the localisation can
be improved.

[0003] However, in conventional cellular networks the
number of base stations is a cost limiting factor and can-
not be increased justforimproving localisation. The prob-
lem is even more severe in cellular networks with a linear
topology such as railways networks where the base sta-
tions are distributed one after the other along the railway
track. A mobile station mounted on a train is mostly within
the communication range of only one base station so that
TA localisation does not work and has to be supplement-
ed by conventional GNSS (Global Navigation Satellite
System) localisation, e.g., with the help of a GNSS re-
ceiver on the train.

[0004] Itis therefore an aim of the invention to provide
an improved solution for determining the location of a
vehicle, in particular a train on a track, within a cellular
mobile phone network with reduced costs and improved
accuracy of localisation.

[0005] In afirst aspect of the invention, this problem is
solved by a method for determining the location of a ve-
hicle, in particular a train on a track, comprising:

mounting a base station of a cellular mobile phone
network and a core network of the mobile phone net-
work onto the vehicle,

mounting at least two mobile stations of the mobile
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phone network stationarily on the ground at a pre-
determined distance from each other, wherein the
distance between two adjacent mobile stations is
less than a half, preferably less than a fourth, of a
communication range of the base station,

wherein, for each of at least two mobile stations with-
in said communication range, a measure of time-of-
flight of a wireless communication between the base
station and said mobile station is determined,
wherein the location of the vehicle is determined
based on said measures and the locations of mount-
ing of said at least two mobile stations, and
wherein the determined location is communicated
via the core network to a first application on the ve-
hicle and/or via at least one of the mobile stations
and an intermediate network, which connects the
mobile stations to a second application remote from
the vehicle, to said second application.

[0006] The inventive solution turns the classical setup
of stationary base stations and moveable mobile stations
"upside-down" by mounting a whole base station and
core network on a vehicle, for example a train, and sta-
tionarily mounting a multitude of mobile stations on the
ground. As for the communication aspect of the network,
this has the effectthatno complex handover mechanisms
have to be performed when the vehicle is travelling. The
base station on the vehicle only has to manage (parallel)
connections to different mobile stations, which is less
troublesome than handovers from a single mobile station
between different base stations. This is due to the fact
that a base station can commonly host multiple connec-
tions to mobile stations while a mobile station is usually
only ever connected to a single base station. As for to
the localisation aspect, the low costs of mobile stations
in relation to the high costs of a base station allow for
distributing a much larger number of stationarily fixed mo-
bile stations on the ground, for example with mutual dis-
tances of less than 500 m as compared to conventional
base station cell sizes (communication ranges) of, e.g.,
5 km. The vehicle with the base station and core network
mounted thereon can thus communicate with a much
larger number of mobile stations within its communication
range, and times-of-flight and hence distances to a large
number of geographically dispersed mobile stations can
be measured and used for the localisation. Accuracy of
the localisation can thus be improved without significant
costs or the necessity to change any of the communica-
tion standards, just by reversing the setup of mobile sta-
tions and base station.

[0007] The method of the invention is particularly suit-
ed for a deployment in cellular railway networks with lin-
ear topology. A large number of low-cost mobile stations
distributed along the track can provide both improved
communication and location services, without any need
to resort to GNSS assisted localisation.

[0008] Due to the dense mounting of mobile stations
on the ground, the moving base station has always sev-
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eral mobile stations in front of it. For communication, the
base station can select the mobile station(s) having the
best radio conditions. Contrarily to the classical deploy-
ment scheme, for which communication quality of the
mobile stations can change between good radio condi-
tions when close to the base station and bad radio con-
ditions at a boundary of the communication range of the
base station, in the inventive method always the best
mobile station can be selected for communication, yield-
ing a constantly good communication quality. Further-
more, the base station may even connect to multiple mo-
bile stations at once and communicate data to and from
each of the connected mobile stations. This has the ad-
vantage that multiple communication bearers can be set
up for different purposes. For example, the same data
could be transferred to the mobile stations to implement
MIMO (Multiple-Input and Multiple-Output) communica-
tion or variants thereof. Alternatively, different data could
be transferred via multiple mobile stations, too.

[0009] Preferably, the mobile stations and the base
station wirelessly communicate with each other accord-
ing to a 3GPP (3 Generation Partnership Project) 4G
or 5G standard. Using a 4G or 5G standard has the ad-
vantage that base stations (called "eNodeB" in 4G and
"gNodeB" in 5G) and mobile stations (called "user equip-
ments", UE, in 4G and 5G) already have well-defined
roles within the mobile phone network such that commer-
cially available well-functioning devices can be used for
implementing the method of the invention. Alternatively,
any other standard could be used for communication,
too, for example a 2G or 3G standard.

[0010] The measures of time-of-flight, e.g., the Timing
Advance (TA) values, can either be determined by the
individual stationarily mounted mobile stations and re-
ported to the moving base station or determined by the
latter. In a first embodiment of the invention, each mobile
station determines its measure of time-of-flight and wire-
lessly communicates this measure and information about
its location of mounting to the base station. In an alter-
native second embodiment of the invention, each mobile
station wirelessly communicates information about its lo-
cation of mounting to the base station, and the base sta-
tion determines the measures of time-of-flight for all of
said at least two mobile stations.

[0011] When there are more than two, preferably more
than three, mobile stations within the communication
range of the base station, in a further preferred embod-
iment the measure and location information of at least
one mobile station farthest from the base station is dis-
regarded when determining its location. By this means,
accuracy of the localisation can be furtherimproved: The
accuracy of time-of-flight measures of mobile stations
closer to the base station is usually higher than those of
mobile stations farther from the base station. By consid-
ering only the N closest mobile stations from M mobile
stations (N < M) within the communication range the ac-
curacy of localisation is increased.

[0012] The inventive setup of mobile stations fixed on
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the ground and a base station and core network attached
to the moving vehicle can also be used for providing the
moving vehicle with local information along its way. To
this end, in a preferred embodiment of the invention at
least one of the mobile stations receives sensor informa-
tion from a sensor connected thereto and wirelessly com-
municates said sensor information to the base station.
In particular, when the vehicle is a train on a track and
the mobile stations are stationarily mounted along the
track, the sensor may sense a status of a railway switch
or railway crossing along the track. In this way the train
can receive critical messages about railway-specific ob-
jects, such as switches and crosses, along its track. Due
to the low costs of mobile stations, e.g., each individual
railway switch or crossing along the track can be
equipped with a mobile station and a sensor informing
the train about its status. The train can thus receive highly
localized information with fine granularity.

[0013] In a second aspect, the invention provides a
system for determining the location of a vehicle, in par-
ticular a train on a track, comprising:

a base station of a cellular mobile phone network
and a core network of the mobile phone network
mounted on the vehicle,

at least two mobile stations of the mobile phone net-
work mounted stationarily on the ground at a prede-
termined distance from each other, wherein the dis-
tance between two adjacent mobile stations is less
than a half, preferably less than a fourth, of a com-
munication range of the base station,

a location server connected to the base station,
which location server has, for each of at least two
mobile stations within said communication range, a
measure of time-of-flight of a wireless communica-
tion between the base station and said mobile sta-
tion,

wherein the location server is configured to deter-
mine the location of the vehicle based on said meas-
ures and on information about the locations of
mounting of said at least two mobile stations, and
wherein the location server is configured to commu-
nicate the determined location via the core network
to a first application on the vehicle and/or via at least
one of the mobile stations and an intermediate net-
work, which connects the mobile stations to a second
application remote from the vehicle, to said second
application.

[0014] For the inventive system, the same embodi-
ments can be employed as described above for the in-
ventive method. Furthermore, all of the advantages as
detailed above for the method also hold for the inventive
system.

[0015] The invention shall now be explained in more
detail below on the basis of preferred exemplary embod-
iments thereof with reference to the accompanying draw-
ings, in which:
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Fig. 1 shows the inventive system in a schematic
view, wherein communication is performed between
a base station located on a train and stationary mo-
bile stations;

Fig. 2 shows components of the inventive system in
a schematic block diagram;

Fig. 3 shows a variant of the inventive system of Fig.
1 in a schematic view;

Fig. 4 shows the localisation of the train within the
inventive systems of Figs. 1 to 3; and

Fig. 5 shows a further variant of the inventive system
for collecting local information from sensors connect-
ed to the stationary mobile stations.

[0016] Fig. 1 shows a system 1, in which communica-
tion is performed between a first application 2 on a train
3 and a second application 4 remote from the train 3.
Remote from the train 3 means in this context that the
second application 4 is not present on the train 3 but
resides, for example, on a stationary computer, a com-
puter carried by a different vehicle, or on a mobile phone
that is physically independent of the train 3, e.g., carried
by a user riding said train 3.

[0017] Alternatively, instead of the first application 2
being on the train 3, the first application 2 could also be
on a different vehicle, for example a car, truck, ship,
drone, or there like.

[0018] The first application 2 is in many embodiments
hosted on an application client AC (Fig. 2), e.g., on a
computer. The first application 2 could send and receive
data packets of various kinds, e.g., IP data packets of a
data or Voice-over-IP connection, or be a source or target
of a line-switched call, e.g., a voice, SMS, or fax connec-
tion. The second application 4 is usually hosted on an
application server AS or a different application client AC
and can also send and receive packet-switched connec-
tions or terminate calls of line-switched connections, as
described above.

[0019] Unlike in a classical cellular mobile phone net-
work, a base station 5 of a cellular mobile phone network
and a core network 6 of the cellular mobile phone network
are mounted onto the train 3 instead of a mobile station.
The base station 5 has a communication range R such
that the communication range R moves together with the
train 3 when it moves along a track 7.

[0020] The base station 5 mounted on the train can be
a base station as usually used in mobile phone networks
or can be specially adapted for the purpose of being
mounted onto the train 3, e.g., stripped of parts unnec-
essary for this purpose. The core network 6 can even be
reduced in such a way that all its necessary functions are
incorporated into a single computer. The application cli-
ent AC and the core network 6 could even be embodied
by the same computer.

[0021] Along the track 7, at least two mobile stations
8,i=1,2,3, ..., of the mobile phone network are station-
arily mounted, for example by means of a support 8’ or
gantry, on the ground 9. The stationary mobile stations
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8;arein turn connected to the second application 4, either
wirelessly or wire-bound.

[0022] In order to communicate between the first ap-
plication 2 and the second application 4, data is commu-
nicated between the first application 2 and the base sta-
tion 5 via the core network 6 on the train 3.

[0023] The base station 5 on the train 3 and at least
one of the mobile stations 8; on the ground 9 communi-
cate data wirelessly between them, see wireless com-
munications C4, C,, ..., generally C,. This can be done
according to any mobile communication standard known
in the art, for example any of the 3GPP (3'd Generation
Partnership Project) 3G, 4G, or 5G standards. This
means that the base station 5 and the mobile station §;
use a specific communication channel, e.g., over a pre-
defined frequency range for communication. If commu-
nication is performed according to a 4G standard, for
example LTE release 8 specified by 3GPP, the base sta-
tion 5 is called eNodeB and the mobile stations 8; are
called user equipments. If a 5G standard is used, for ex-
ample as defined in IMT-2020 by ITU (International Tel-
ecommunication Union) or 5G NR specified by 3GPP (3rd
Generation Partnership Project), the base station 5 is
called gNodeB and the mobile stations 8; are called user
equipments.

[0024] Lastly, data is communicated between the at
least one mobile station 8;on the ground 9 and the second
application 4, e.g., via an intermediate network NET.
Thereby, communication can be achieved between the
firstapplication 2 on the train 3 and the second application
4 remote from the train 3.

[0025] When communicating, data can be transferred
in an uplink direction (from the first application 2 to the
second application 4) or in a downlink direction (from the
second application 4 to the first application 2). For uplink
and downlink, different communication channels, e.g.,
different frequency bands and/or time slots, can be uti-
lized.

[0026] As can be seen from Fig. 1, since the commu-
nication range R is defined by the base station 5 travelling
with the vehicle, the communication channel used for
wirelessly communicating between the base station 5
and mobile stations 8; is only occupied within the com-
munication range R. This is due to the fact that only the
base station 5 broadcasts channel control information
while the mobile stations 8,, in idle mode, only monitor
the wireless channel in order to detect the presence of a
close by base station 5. It can thus be seen that outside
of the communication range R, a different train 3 could
travel while carrying a different base station 5 and use
the same communication channel independently, even
with a different communication standard.

[0027] As soon as two trains 3 come near each other,
however, communication has to be coordinated. To this
end, the mobile stations 8; can detect that multiple base
stations 5 are approaching and provide this information
to the base stations 5. Each base station 5 can then de-
cide to only use a predetermined subset of the commu-
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nication channel. For example, one of the base stations
5 uses the first half of a frequency range of the commu-
nication channel and the other base station 5 uses the
second half of the frequency range of the communication
channel. This is especially useful if wireless communica-
tion is performed by means of a 4G or 5G standard be-
cause channel resources are orthogonal such that the
division of the communication channel can be done
through frequency (by means of resource block manage-
ment) or time (by means of subframe management). For
example, when two trains 3 travel in opposite directions,
the base stations 5 can be configured to manage their
uplink and downlink communications by considering a
resource block ranking from 1 to (K/2) and (K/2)+1 to K,
respectively, K being the total number of resource blocks
available. When two trains 3 are travelling in the same
direction, the restriction rules could refer to subframe
number. It can be seen that by means of this, a flexible
separation of the frequency channel is achieved.
[0028] The different mobile stations 8; are each mount-
ed with a predetermined distance s from each other which
may be less than a half or less than a fourth of the com-
munication range R of the base station 5. If the prede-
termined distance s is half of the communication range
R, this effectively means that the density of stationary
mobile stations 8; is double than the density of stationary
base stations 5 in a classical mobile phone network. This
increased density can be achieved because firstly mobile
stations 8; are cheaperthan base stations 5 and secondly
because the base station 5 can always connect to mul-
tiple mobile stations 8; at the same time and no handover
has to be performed in such cases, i.e., a higher density
of base stations 5 would just lead to more handovers.
[0029] Communication when the base station 5 is con-
nected to multiple mobile stations 8, at once is now ex-
plained with reference to Fig. 2. The wireless interface
between the base station 5 and the mobile stations 8; is
shown by numeral 10. Devices mounted on the train 3
are depicted to the left ofinterface 10 and devices located
at a location remote from the train 3, such as the ground
9, are depicted to the right of interface 10.

[0030] It can be seen that the base station 5 is con-
nected to three mobile stations 8;. More generally, the
base station 5 could be connected to at least two mobile
stations 8;. Each of the connections between the base
station 5 and the mobile stations 8; usually has a different
quality of service (QoS). This means that the base station
5 could in principle select the mobile station 8; with the
best quality of service.

[0031] In some embodiments, it can however be ad-
vantageous to establish a communication bearer over
each of the mobile stations 8, for example to enable a
MIMO (Multiple-Input and Multiple-Output), SIMO
(Singe-Input and Multiple-Output), or MISO (Multiple-In-
put and Singe-Output) communication. In the simplest
variant, the first application 2 itself could establish indi-
vidual communication bearers by selecting the corre-
sponding mobile stations 8;.
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[0032] Alternatively, a 1:N-connectivity gateway 11
could be mounted on the train 3. This gateway 11 is con-
nected to the first application 2 and the core network 6,
acts as a default gateway for the first application 1, and
manages the 1:N-connectivity translation between the
first application 1 and the core network 6 mounted on the
train 3. To achieve this, the gateway 11 establishes a
1:N-multipath connection between the first application 2
and the core network 6, N being the number of mobile
stations 8; connected to the base station 5.

[0033] The gateway 11 can then either choose to es-
tablish independent unicast bearers for each of the con-
nected mobile stations 8; (denoted by communication
paths 12) or to establish a single multicast bearer (com-
munication path 13). If the gateway 11 establishes a mul-
ticast bearer, the base station 5 will then communicate
the multicast message to each of the connected mobile
stations 8,. This is for example achieved by usingan LTE
standard that supports evolved multimedia broadcast
multicast services (eMBMS).

[0034] An N:1-connectivity gateway 14 can further-
more be mounted on the ground 9 or at a remote location,
for example at the location of the second application 4.
The gateway 14 is on the one hand connected to the
mobile stations 8;, for example via the intermediate net-
work NET, and on the other hand to the second applica-
tion 4. Similarly to the 1:N-connectivity gateway 11, the
N:1-connectivity gateway 14 can establish an N:1-multi-
path connection between the mobile stations 8; and the
second application 4. This can be done by establishing
multiple unicast bearers 12 or a single multicast bearer
13.

[0035] Fig. 3 shows one possible embodiment of the
intermediate network NET. Here, the intermediate net-
work NET comprises at least one stationary base station
15, for example one stationary base station 15 for each
set of four stationary mobile stations 8;. The intermediate
network NET can for example be a regular cellular mobile
phone network according to the classical setup. Each
stationary base station 15 is in turn connected to the sec-
ond application 4, for example via a core network 16. The
mobile stations 8; and the stationary base station 15 com-
municate wirelessly according to any radio communica-
tion standard known in the art, either in the same fre-
quency band as the communication of mobile stations 8;
and the moveable base station 5 is performed or in an-
other frequency band.

[0036] For example, the mobile stations 8; could per-
form dual connectivity communications, i.e., communi-
cate with the moveable base station 5 on the vehicle 3
and at the same time with the stationary base station 15
on the ground 9. Such dual connectivity communications
are supported by 4G and 5G, for example. For these
purposes, each stationary mobile station 8, could be
equipped with two sets of antennas 17, 18, wherein one
antenna 17 is directed towards the track 7, for example
with a beam width of 90° (for example a dual beam an-
tenna or two antennas with a splitter), and the other an-
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tenna 18 is directed towards the stationary base station
15 with a high directivity.

[0037] For using dual connectivity communications, in
one practical embodiment dual registration is employed
such that the stationary mobile stations 8; connect to the
mobile base station 5 with a 4G standard and to the sta-
tionary base station 5 with a 5G standard or vice versa.
[0038] Alternatively, if dual connectivity communica-
tions are not supported by the mobile station 8;, each
mobile station 8; could have a second mobile station (not
shown) connected thereto, for example wired thereto,
such that the mobile station 8, communicates with the
stationary base station 15 via the second mobile station.
[0039] If communication between the stationary base
station 15 and the mobile stations 8; is performed accord-
ing to 5G, the stationary base station 15 can employ
beamforming schemes such that it has one beam direct-
ed at each mobile station 8;. By means of this, full advan-
tage can be taken of the features supported by 5G to
increase the throughput of the system.

[0040] Fig. 4 shows the concept of localising a vehicle,
here the train 3, by means of the systems 1 of Figs. 1 to
3. For each mobile station 8; its individual location of
mounting P;in areference coordinate system 19is known
and, e.g., stored in the respective mobile station 8, and/or
in a location server 20 connected to the base station 5.
The location server 20 may alternatively be part of the
core network 6, e.g., within a gateway of the core network
6 to the base station 5, or be a part of the application
client AC or the application 2.

[0041] The mounting locations P; can be predeter-
mined when installing the mobile stations 8;. Optionally,
each mobile station 8, can measure its mounting location
P; by, e.g., a GNSS receiver in the mobile station 8; or
by conventional localisation techniques such as an OT-
DOA (Observed Time Difference of Arrival) service avail-
able in the intermediate network NET, when this is in the
form of a regular cellular mobile phone network with a
classical setup as depicted for the network NET of Fig. 3.
[0042] If the mounting locations P; of the mobile sta-
tions 8, are not yet known to any of the components lo-
cation server 20, core network 6, application client AC,
and application 2 on the train 3, the mobile stations 8;
wirelessly communicate information about their locations
P; to the base station 5 when they are in the communi-
cation range R. The location information can be included
in one or more of the wireless communications C; used
for communication between the application 4 and the ap-
plication 2 or in a separate communication C; dedicated
just for this purpose.

[0043] Furthermore, for each mobile station 8; currently
within the communication range R of the base station 5,
a measure of the time-of-flight of a wireless communica-
tion C; between the base station 5 and that mobile station
8, is determined. This measure may, e.g., be the Timing
Advance (TA) value according to the 2G, 3G, 4G or 5G
standard, which is determined and updated for any mo-
bile station 8, served by a base station 5 within its com-
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munication range R and available in 2G, 4G and 5G sys-
tems both at the base station 5 and the respective mobile
station 8; and in 3G systems only at the base station 5.
The time-of-flight measure TA, of the respective mobile
station 8; can, e.g., be determined as the half of the round
trip time (RTT) of a data packet sent from the mobile
station 8; to the base station 5 and back (or vice versa).
[0044] Ifthe measure TA,is determined individually by
each mobile station 8,, it will be reported by the respective
mobile station 8; periodically to the base station 5 via the
wireless communications C;, for example together with
the location P;.

[0045] From each time-of-flight measure TA, the dis-
tance d; of the respective mobile station 8, to the base
station 5 can be determined according to d, = ¢ * TA, (c
being the speed of light). And from all distances d; deter-
mined and the known locations P; of the mobile stations
8, the location P of the base station 5 can be determined
as geometric intersection of circles with the radii d; and
the centres P;, as shown in Fig. 4. This determination can
be done in the base station 5, the location server 20, the
core network 6, the application client AC and/or the ap-
plication 2, but preferably in the location server 20. From
repeated determinations of the position P the speed of
the train 3 can be calculated.

[0046] The determined location P and/or speed of the
vehicle 3 can be passed on from the location server 20
via the core network 6 to the first application 2 on the
application client AC and/or - via the network of mobile
stations 8; and the intermediate network NET - to the
second application 4 on the remote application server
AS.

[0047] The more mobile stations 8, are within the com-
munication range R of the base station 5 at the same
time, the more time-of-flight measures TA,; and hence
distances d; and locations P; can be considered when
determining the intersection as the location P of the train
3, improving the accuracy of the determination. Choosing
a mutual distance s between each two adjacent mobile
stations 8; of less than a half of the communication range
R (here: the length of the communication range R in the
direction of the track 7 along which the mobile stations
8; are distributed) ensures that always at least two mobile
station 8; are within the communication range R when
the train 3 rides along the track 7. Reducing the mutual
distances s further, e.g., to a third or preferably a fourth
or less of the communication range R, increases the
number of mobile stations 8; concurrently within the com-
munication range R when the train 3 moves and thus
further improves the accuracy of the localisation.
[0048] For example, when the communication range
R of the base station 5 is several km, the distance s be-
tween two adjacent mobile stations 8; can be less than
1000 m, preferably less than 700 m, particularly prefer-
ably less than 500 m.

[0049] Alternatively, if the communication range R is
several tens of km, the distance s can be in the range of
several km, preferably less than 5 km, particularly pref-
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erably less than 3 km.

[0050] Optionally, when there are three or more mobile
stations 8; within the communication range R, only the N
closest mobile stations 8; among all M (M > N) mobile
stations 8; within the communication range R are consid-
ered when calculating the location P from the distances
d; and positions P;. This is based on the insight that the
measures TA, or distances d;, respectively, of mobile sta-
tions 8; farther away from the base station 5 are usually
less accurate - or at least yields less accurate sections
when circles with radii d; are intersected - than those of
closer mobile stations 8;.

[0051] Fig. 5 shows afurtherapplication of the systems
1 of Figs. 1 to 4. Here, one or more of the mobile stations
8; is provided with a sensor 21 - 24 connected thereto.
Each sensor 21 - 24 senses the status of an object in the
vicinity of the respective mobile station 8; or of a local
environment of the mobile station 8;. Examples of such
sensors include a sensor 21 for sensing the status of a
traffic light or railway signal 25, an environmental sensor
22 for sensing environmental parameters such as air
temperature, humidity, wind speed, rain or ice, a camera
23 for taking images of a traffic area, e.g., a crossing 26
ofthe railway track 7 with a street 27 for cars 28, a sensor
24 for sensing the status of a barrier 29 securing the
crossing 26, a sensor for sensing the status of a railway
switch along the track 7, or the like.

[0052] Inthe embodiment of Fig. 5, the mobile stations
8, are configured to receive respective sensorinformation
I, from the sensors 21 - 24 connected thereto and to wire-
lessly communicate the sensor information |; in one of
the wireless communications C; to the base station 5.
The sensor information |, gathered by the base station 5
along the way of the vehicle 3 is passed on via the core
network 6 to the application 2 on the vehicle 3. The sensor
information |; can also be sent via the intermediate net-
work NET to the second application 4.

[0053] Theinventionisnotrestricted to the specificem-
bodiments described in detail herein but encompasses
all variants, combinations, and modifications thereof that
fall within the framework of the appended claims.

Claims

1. Method for determining the location of a vehicle, in
particular a train on a track, comprising:

mounting a base station (5) of a cellular mobile
phone network and a core network (6) of the
mobile phone network onto the vehicle (3),
mounting at least two mobile stations (8;) of the
mobile phone network stationarily on the ground
(9) at a predetermined distance (s) from each
other, wherein the distance (s) between two ad-
jacent mobile stations (8;) is less than a half,
preferably less than afourth, of acommunication
range (R) of the base station (5),
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wherein, for each of at least two mobile stations
(8;) within said communication range (R), a
measure of time-of-flight (TA;) of a wireless com-
munication (C;) between the base station (5) and
said mobile station (8;) is determined,

wherein the location (P) of the vehicle (3) is de-
termined based on said measures (TA,) and the
locations of mounting (P;) of said at least two
mobile stations (8;), and

wherein the determined location (P) is commu-
nicated via the core network (6) to a first appli-
cation (2) on the vehicle (3) and/or via at least
one of the mobile stations and an intermediate
network (NET), which connects the mobile sta-
tions (8;) to a second application (4) remote from
the vehicle (3), to said second application (4).

Method according to claim 1, wherein the vehicle (3)
is a train on a track (7) and the mobile stations (8;)
are stationarily mounted along the track (7).

Method according to claim 1 or 2, wherein each mo-
bile station (8;) determines its measure of time-of-
flight (TA;) and wirelessly communicates this meas-
ure (TA;) and information about its location of mount-
ing (P;) to the base station (5).

Method according to claim 1 or 2, wherein each mo-
bile station (8;) wirelessly communicates information
about its location of mounting (P;) to the base station
(5), and wherein the base station (5) determines the
measures of time-of-flight (TA;) for all of said at least
two mobile stations (8;).

Method according to any one of the claims 1 to 4,
wherein, when there are more than two, preferably
more than three, mobile stations (8;) within the com-
munication range (R) of the base station (5), the
measure (Ta;) and location information (P;) of at least
one mobile station (8;) farthest from the base station
(5) is disregarded when determining the location (P)
of the vehicle (3).

Method according to any one of the claims 1 to 5,
wherein said measure (TA,) is a Timing Advance val-
ue according to a 2G, 3G, 4G or 5G standard.

Method according to any one of the claims 1 to 6,
wherein at least one of the mobile stations (8,) re-
ceives sensor information (I;) from a sensor (21 - 24)
connected thereto and wirelessly communicates
said sensor information (1;) to the base station (5).

Method according to claims 2 and 7, wherein the
sensor (23, 24) senses a status of a railway switch

or railway crossing (27) along the track (7).

System for determining the location of a vehicle, in
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particular a train on a track, comprising:

a base station (5) of a cellular mobile phone net-
work and a core network (6) of the mobile phone
network mounted on the vehicle (3),

at least two mobile stations (8;) of the mobile
phone network mounted stationarily on the
ground (9) at a predetermined distance (s) from
each other, wherein the distance (s) between
two adjacent mobile stations (8;) is less than a
half, preferably less than a fourth, of a commu-
nication range (R) of the base station (5),
alocation server (20) connected to the base sta-
tion (5), which location server (20) has, for each
of at least two mobile stations (8;) within said
communication range (R), a measure of time-
of-flight (TA,) of a wireless communication (C;)
between the base station (5) and said mobile
station (8;),

wherein the location server (20) is configured to
determine the location (P) of the vehicle (3)
based on said measures (TA;) and on informa-
tion about the locations of mounting (P;) of said
at least two mobile stations (8;), and

wherein the location server (20) is configured to
communicate the determined location (P) via the
core network (6) to a first application (2) on the
vehicle (3) and/or via at least one of the mobile
stations (8;) and an intermediate network (NET)),
which connects the mobile stations (8,) to a sec-
ond application (4) remote from the vehicle (3),
to said second application (4).

System according to claim 9, wherein the vehicle (3)
is a train on a track (7) and the mobile stations (8;)
are stationarily mounted along the track (7).

System according to claim 9 or 10, wherein each
mobile station (8;) is configured to determine its
measure of time-of-flight (TA;) and wirelessly com-
municate this measure (TA;) and information about
its location of mounting (P;) to the base station (5).

System according to claim 9 or 10, wherein each
mobile station (8;) is configured to wirelessly com-
municate information about its location of mounting
(P;) to the base station (5), and wherein the base
station (5) is configured to determine the measures
of time-of-flight (TA,) for all of said at least two mobile
stations (8;).

System according to any one of the claims 9 to 12,
wherein the location server (20) is configured to,
when there are more than two, preferably more than
three, mobile stations (8;) within the communication
range (R) of the base station (5) and when it deter-
mines the location (P), disregard the measure (TA))
and location information (P;) of at least one mobile
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14.

15.

station (8,;) farthest from the base station (5).

System according to any one of the claims 9 to 13,
wherein at least one of the mobile stations (8;) has
a sensor (21 - 24) connected thereto and is config-
ured to receive sensor information (l;) from that sen-
sor (21 - 24) and to wirelessly communicate said
sensor information (1;) to the base station (5) .

System according to claims 10 and 14, wherein the
sensor (23, 24) senses a status of a railway switch
or railway crossing (27) along the track (7).



EP 3 668 129 A1

L

/

SvY

Al




EP 3 668 129 A1

AS

o
B
e

—
—

/R
/i
/

\

i

11

/__
AC

NI

10

Fig. 2



EP 3 668 129 A1

13N

L

/

Gl

NO

9l

Sv-

<t

Gl

1"



EP 3 668 129 A1

SvY

\
<1

6l

12



| AS

Al

NET

EP 3 668 129 A1

83

13




10

15

20

25

30

35

40

45

50

55

EP 3 668 129 A1

9

des

Européisches
Patentamt

European
Patent Office

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 19 17 5345

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

Y

US 2014/233412 Al (MISHRA RAJESH KUMAR
[US] ET AL) 21 August 2014 (2014-08-21)
* paragraph [0067] - paragraph [0083] *
paragraph [0098] *

paragraph [0105] - paragraph [0109] *
paragraph [0011] *

figures 1-11 *

* % * X

US 2018/049110 Al (HASEGAWA KEIGO [JP])
15 February 2018 (2018-02-15)

* paragraph [0023] - paragraph [0045] *

* paragraph [0090] *

ZTE: "Considerations on eNB type RSU and
UE type RSU",

3GPP DRAFT; R2-161163 CONSIDERATIONS ON
ENB TYPE RSU AND UE TYPE RSU, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
;s F

vol. RAN WG2, no. St. Julian's, Malta;
20160215 - 20160219

14 February 2016 (2016-02-14),
XP051055147,

Retrieved from the Internet:
URL:http://www.3gpp.org/ftp/Meetings 3GPP_
SYNC/RAN2/Docs/

[retrieved on 2016-02-14]

* the whole document *

US 8 150 417 B2 (REED KEITH [GB]; PHAN
THAI-BINH [GB]; ACTIX LTD [GB])

3 April 2012 (2012-04-03)

* column 3 - column 5; figures 1-12 *
* column 10 - column 17 *

The present search report has been drawn up for all claims

1-15

1-15

1-15

1-15

INV.
HO4W4 /40
HO4W84,00
HO4L29/08
HO4W4 /42
HOAW4 /44
HO4W4 /02

TECHNICAL FIELDS
SEARCHED (IPC)

HOAW
HO4L

Place of search

The Hague

Date of completion of the search

30 October 2019

Examiner

Mavridis, Theodoros

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

14




EP 3 668 129 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 17 5345

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

30-10-2019
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014233412 Al 21-08-2014 EP 2939462 A2 04-11-2015
EP 2963863 A2 06-01-2016
ES 2633824 T3 25-09-2017
ES 2656518 T3 27-02-2018
HK 1217586 Al 13-01-2017
US 2014233412 Al 21-08-2014
US 2014301327 Al 09-10-2014
US 2014348023 Al 27-11-2014
US 2014348024 Al 27-11-2014
US 2014348083 Al 27-11-2014
US 2016135204 Al 12-05-2016
US 2019014585 Al 160-01-2019
WO 2014127366 A2 21-08-2014
US 2018049110 Al 15-02-2018 EP 3264827 Al 03-01-2018
JP 6570614 B2 04-09-2019
JP W02016135947 Al 26-10-2017
US 2018049110 Al 15-02-2018
WO 2016135947 Al 01-09-2016
US 8150417 B2 03-04-2012 AT 416587 T 15-12-2008
EP 1759549 Al 07-03-2007
US 2009209271 Al 20-08-2009
WO 2005115040 Al 01-12-2005

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

15




	bibliography
	abstract
	description
	claims
	drawings
	search report

